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Garlic is an important bulb vegetable because of its medicinal and nutritional values. Selenium, an
important trace element, and humic acid, a soil amendment, can positively affect garlic’s nutritional
values. To evaluate the impact of selenium and humic acid on antioxidant activity and phenol,
flavonoid and allicin contents in garlic, Na2SeO4 solution was sprayed in concentrations of 0, 10, 20
and 30 μg Se/mL, and humic acid was used in fertigation at rates of 0, 10 and 20 kg/ha. Results
showed the applied treatments had positive effects on the total antioxidant activity in garlic. The
application of low concentrations of Se with moderate amounts of humic acid caused the highest
antioxidant activity, as did the application of high Se concentrations with no humic acid. Humic acid at
the rate of 10 kg/ha contributed more to the lower total phenol content than did the 20 kg/ha (H20)
rate. The Se treatment decreased flavonoid content, and the control plants (Se0) had the highest amount
of flavonoids. The results regarding sulphur and allicin contents were greatly similar in that they were
both at their maximum level in the Se0H20 treatment. Se0 led to the highest allicin content, and its
difference from other Se treatments was significant (P < 0.01). A strong negative correlation was
found between selenium concentration and allicin content (R2 = 0.881). The findings showed that
humic acid positively affects most tested traits, but negative or no effects were seen for the Se
treatment. Therefore, if the production of Se-enriched garlic is the aim, a decrease in some nutritional
values must be accepted.
Keywords: allicin; antioxidant activity; garlic; humic acid; selenium
Introduction
Garlic (Allium sativum L.), which is cultivated and
consumed worldwide, is an important bulb veget-
able because of its medicinal and nutritional values
(Nosraty 2004). It has many medicinal effects: it
lowers blood cholesterol levels and antiplatelet
aggregation, produces anti-inflammatory activity
and inhibits cholesterol synthesis. Moreover, it has
long been known to have antibacterial, antifungal,
anticancer, antioxidant and antiviral activities
(Lawrence & Lawrence 2011). Allicin, the main
biologically active component of freshly crushed
garlic cloves, is produced by the degradation
of alliin, which results from alliinase activity
(Bocchini et al. 2001; Rahman et al. 2012).
According to Benkeblia (2005), the Allium
species contain powerful antioxidants, sulphur (S)
and numerous phenolic compounds, which make
them substantial and interesting for food indus-
tries. The natural antioxidants present in the edible
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species are very important in increasing health
benefits and resistance to oxidative stress in humans
(Dimitrios 2006).
Othman et al. (2011) reported that garlic
expresses higher free radical scavenging effects
than onion. They also claimed that a poor relation-
ship existed between total phenolic content and
antioxidant activity, indicating that the antioxidant
activity of garlic is not solely due to its phenolic
compounds.
Selenium (Se) is a trace mineral that is an
essential micronutrient for animals and humans
(Young 1981). Selenium has been shown to reduce
tumour growth in laboratory tests and may provide
protection against specific cancers in humans (Ip
1998). Based on recommendations by the World
Health Organization, an adult needs 50 μg Selenium
per day. Selenium is closely related to sulphur (an
element highly absorbable by garlic) and can
substitute for it in different metabolic pathways
(Morris 1970). Garlic is a selenium hyper-accumu-
lator and absorbs this element effectively; thus,
cultivating it in soil containing high selenium
concentrations can produce selenium-enriched gar-
lic. High-Se garlic has been studied extensively
because of its impact on reducing tumour growth in
laboratory animals (Ip 1998). Poldma et al. (2011)
reported that foliar Se fertilisation of garlic can be
recommended to increase the number of large bulbs
and bulb antioxidant capacity.
Many reports have shown that humic sub-
stances influence respiration, protein synthesis and
enzyme activity in higher plants (Nardi et al.
2007; Carletti et al. 2008). Based on Aiken et al.
(1985), humic substances are defined as ‘a category
of naturally occurring, biogenic, heterogeneous
organic substances that can generally be charac-
terised as being yellow to blank in colour, of high
molecular weight, and refractory’. Humic sub-
stances have positive effects on nutrient uptake,
especially that of major inorganic elements such
as nitrogen, phosphorus, potassium and sulphur
(Trevisan et al. 2010). Moreover, these substances
are able to produce various morphological, physio-
logical and biochemical effects on higher plants.
The fraction of humic substances precipitated from
the aqueous solution in pH levels below 2 is
considered a humic acid (Liu et al. 1998). Increas-
ing cell membrane permeability, oxygen uptake,
respiration, photosynthesis, phosphate uptake and
root cell elongation are possible mechanisms of
humic acid and its positive impact on plant growth
(Ameri & Tehranifar 2012).
The current study hypothesised that selenium as
an antioxidant and humic acid used as a soil
amendment can have positive impacts on the nutri-
tional aspects of garlic. Therefore, this study investi-
gated the effects of humic acid and selenium as
two important treatments for increasing the quality
and quantity of garlic in terms of its nutritional values.
Materials and methods
Plant growth conditions and treatment
application
The experimental field was located in Tirtash,
Mazandaran province, Iran, which has a Mediter-
ranean climate, according to the deMartonne climate
classification system. The experimental site was geo‐
graphically located at 36°45′ latitude, 53°44′ longit-
ude and +14 m altitude. The main physicochemical
properties of the soil were: pH, 7.5; organic matter,
1.83%; electrical conductivity, 0.54 mS/m; satura-
tion percentage, 49%; soil texture, silt-loam; total
nitrogen (N), 0.11%; absorbable phosphorus (P),
24 ppm; and absorbable potassium (K), 210 ppm.
Garlic cloves (Allium sativum cv. Mazand)
were planted in the second week of November
with distances of 15 cm between plants in each row
and 25 cm between rows. When the plants had six
to seven leaves (3April 2013), Na2SeO4 solution
was sprayed at concentrations of 0, 10, 20 and 30
μg Se/mL at a rate of 50 mL/m2 (treatments S0, S10,
S20 and S30, respectively). Humic acid was used in
fertigation at rates of 0, 10 and 20 kg/ha on 28
March 2013 (treatments H0, H10 and H20, respect-
ively). All plants were harvested per plot at
maturity on 21May 2013.
Determination of total antioxidant, phenol
and flavonoids
DPPH radical-scavenging activity
The stable DPPH radical method was used to
determine the free radical scavenging activity of
174 K Ghasemi et al.
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the extracts, which could show the antioxidant
activities of the samples. A known amount of
sample was extracted from three plants using the
maceration method. Absolute methanol was used
as a solvent. The collected substance was concen-
trated until a crude solid extract was obtained.
DPPH radical-scavenging activity was determined
using a slightly modified version of the method
described by Ebrahimzadeh et al. (2010). A con-
centration of 800 μg extract/mL methanol was
added to the DPPH (100 μM) methanol solution.
After 15 min at room temperature, absorbance was
recorded at 517 nm. Finally, the percentage of
inhibition that showed the scavenging ability of
the DPPH free radicals was calculated.
Determination of total phenol and flavonoid
contents
Extracts were prepared using the maceration
method and absolute methanol. The total phenolic
compound contents were determined using the
Folin-Ciocalteu method (Nabavi et al. 2008). The
extract samples (0.5 mL) were mixed with 2.5 mL
0.2 N Folin-Ciocalteu reagents for 5 min, and then
2.0 mL 75 g–1sodium carbonate was added. The
absorbance reaction was measured at 760 nm after
incubation at room temperature. Results were
expressed as gallic acid equivalents. Total flavo-
noids were estimated according to Nabavi et al.
(2008). Briefly, a 0.5 mL solution of each extract
in methanol was separately mixed with 1.5 mL
methanol, 0.1 mL 10% aluminium chloride, 0.1
mL 1M potassium acetate and 2.8 mL distilled
water and left at room temperature for 30 min. The
absorbance of the reaction mixture was measured
at 415 nm with a double beam spectrophotometer
(Perkin Elmer). Total flavonoid contents were
calculated as quercetin equivalent by performing
a calibration curve.
Determination of allicin content
The allicin content of the garlic extract was
quantitatively determined using high-performance
liquid chromatography (HPLC) as described in
detail by Arzanlou & Bohlooli (2010). To extract
the juice, 2 g of cloves (collected from three
plants) were crushed manually using a mortar
and pestle, homogenised using a homogeniser
(Heidolph Silentcrush M, Schwabach, Germany)
and sonicated continuously for 5 min at 100%
amplitude using an ultrasonicator (UP200H,
Hielscher Ultrasonics, Teltow, Germany) with 60
mL distilled water in an ice container. The obtained
mash was squeezed through five layers of cheese-
cloth, and the suspension was transferred into a 50
mL falcon tube and centrifuged (with an Eppendorf
5810R) at 1258 g for 20 min at 4 °C in order to
separate the remaining debris from the liquid. The
supernatant was transferred into a second sterile 50
mL falcon tube and sealed. The resultant extract was
either used immediately or stored at –20 °C until
analysis.
Quantitative analysis of allicin by
analytical HPLC
Briefly, 100 μL of internal standard (Ethylparaben,
150 μg/mL in mobile phase) solution (final
concentration 15 µg/mL) was added to 10 μL of
purified allicin, and the final volume was adjusted
to 1 mL by mobile phase, vortexed and centri-
fuged at 15,294 g for 10 min. 20μL of supernatant
was injected on to an HPLC system (Jasco liquid
chromatography system, Tokyo, Japan) equipped
with a C18, Nucleosil 100 ODS (5 µm) analytical
column measuring 4.6 × 150 mm (Alltech Grom
GmbH, Rottenburg, Germany). The mobile phase
was methanol–water (50:50, v/v) with a flow rate
of 1 mL/min. The allicin in the effluents was
detected at 220 nm and quantified by comparing
the peak area produced by authentic allicin.
Determining total sulphur
Total sulphur from clove material was measured in
the digest as described by Quin & Wood (1976).
Garlic samples (0.1 g) were analysed for sulphur
after magnesium nitrate and perchloric digestion.
Barium chlorate was added to the mixture and it
was left overnight, following which the absor-
bance of the final reaction mixture was measured
Antioxidant properties of garlic by selenium and humic acid treatments 175
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at 420 nm. Results are expressed as percentage of
total S in dry matter.
Statistical analysis
The experiment was arranged in factorial format
based on a completely randomised block design
with three replications. A statistical analysis was
performed using analysis of variance in the SAS
9.1 software, and means were compared using
Duncan’s multiple range tests at a 5% level.
Results
Total antioxidant activity, phenol and flavonoid
contents
Scavenging the stable DPPH radical is a method
widely used to evaluate the free radical scaven-
ging ability of various samples. The lowest values
of antioxidant activity were recorded in samples of
Se0H0 (control) and Se10H0, for which the
amounts of both Se and humic acid were mini-
mised (Table 1). Applying low Se concentrations
accompanied by moderate amounts of humic acid
(Se0H10 and Se10H10) caused the highest rate of
antioxidant activity; correspondingly, high Se
concentrations with no humic acid (Se20H0 and
Se30H0) had the same effect. When selenium was
used in low concentrations (0 and 10 μg/mL),
applying humic acid at the rate of 10 kg/ha led to
a higher rate of antioxidant activity. In high
concentrations of Se (20 and 30 μg/mL), humic
acid, even at the rate of 10 kg/ha, caused a
decrease in antioxidant activity.
Total phenol compounds were reported as gallic
acid equivalents by reference to standard curve (y =
0.0063x, r2 = 0.987), and flavonoid content by
reference to standard curve (y = 0.0067x + 0.0132,
r2 = 0.999). The effect of humic acid and Se
interaction on phenol and flavonoid contents was
not significant (P ≤ 0.05); however, significant
differences were observed in the effects of humic
acid on phenol and Se on flavonoid (Tables 2, 3).
Table 1 Some nutritional values of garlic under selenium and humic acid treatments.
Treatment
Antioxidant activity
(% of DPPH radicals
inhibited)
Total phenol content
(mg gallic acid
equivalent/g extract)
Flavonoids content
(mg quercetin
equivalent/g extract)
Allicin
(mg/mL)
Total sulphur
(% in dry matter)
Se0H0 14.058
ef 38.730a 21.861a 2.759b 0.367bc
Se0H10 29.186
a 31.534a 19.174a 2.700b 0.347bc
Se0H20 15.713
cdef 42.696a 21.761a 3.323a 0.506a
Se10H0 11.451
f 33.810a 11.264a 2.734b 0.415b
Se10H10 24.012
ab 24.233a 18.998a 2.634b 0.421b
Se10H20 20.556
cde 38.647a 14.348a 2.754b 0.405b
Se20H0 23.313
ab 36.878a 17.483a 2.693b 0.364bc
Se20H10 21.193
bcd 25.450a 14.520a 2.723b 0.390bc
Se20H20 22.446
abc 30.476a 16.488a 2.461b 0.390bc
Se30H0 23.165
ab 27.249a 14.100a 2.591b 0.390bc
Se30H10 14.898
def 29.312a 25.587a 2.653b 0.309c
Se30H20 22.067
bc 37.249a 15.095a 2.505b 0.384bc
Se0, Se10, Se20, Se30: 0, 10, 20 and 30 μg selenium/mL, respectively. H0, H10, H20: 0, 10 and 20 kg humic acid/ha, respectively.
Figures followed by different letter within a column are significantly different (P < 0.05).
Table 2 Total phenol content of garlic under humic acid
treatment.
Humic acid
Total phenol content (mg gallic
acid equivalent/g extract)
H0 34.167
ab
H10 27.632
b
H20 37.267
a
H0, H10, H20: 0, 10 and 20 kg humic acid/ha, respectively.
Figures followed by different letter within a column are
significantly different (P < 0.05).
176 K Ghasemi et al.
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Humic acid at a rate of 20 kg/ha contributed to the
highest total phenol content, which did not differ
from that of the control, and at a rate of 10 kg/ha,
humic acid resulted in the lowest total phenol
content. Selenium decreased flavonoid contents.
The highest amount of flavonoids was observed in
the control plants (S0).
Total sulphur and allicin contents
As seen in the data given in Table 1, total sulphur
content in the garlic bulbs ranged from 0.309% to
0.506% dry matter. The highest sulphur content
was found in the Se0H20 treatment, which was
significantly different from the other treatments
(P < 0.05).
Allicin content was quantitatively determined
using HPLC. Typical representative chromato-
grams of garlic extract are shown in Fig. 1. As
can be seen in the chromatograms, there were no
interfering peaks between allicin and the internal
standard in other components of the extract.
Retention times for allicin and the internal stand-
ard were approximately 5.9 and 9.1 min, respect-
ively. Total HPLC run time for each sample was
approximately 12 min. As shown in Table 1, the
allicin content of the garlic bulbs ranged from
2.461 to 3.323 mg/mL in this experiment; it was at
its highest level in the Se0H20 treatment.
Discussion
Total antioxidant activity
The results of the current study show the positive
effects of applied treatments on the total antiox-
idant activity of garlic. Aminifard et al. (2012) and
Poldma et al. (2011) reported the same results for
humic acid and selenium, respectively. The
Se0H10 and Se10H10 treatment caused the highest
antioxidant activity. A further increase in the soil’s
humic acid concentration, followed by an H20
treatment, contributed to the lowest amount of
antioxidant activity. According to different studies,
high amounts of humic acid could have negative
effects on plant growth (Atiyeh et al. 2002), root
Table 3 Flavonoids content of garlic under selenium
treatment.
Selenium treatment
Flavonoids content (mg quercetin
equivalent/g extract)
Se0 20.932
a
Se10 14.870
b
Se20 16.163
b
Se30 15.260
b
Se0, Se10, Se20, Se30: 0, 10, 20 and 30 μg selenium/mL,
respectively.
Figures followed by different letter within a column are
significantly different (P < 0.05).
Figure 1 Chromatograms of garlic extracts. Peaks are: A, allicin; B, ethylparaben (IS).
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hydraulic conductivity (Asli & Neumann 2010)
and some mineral nutrient concentrations such as
calcium (Ca), copper (Cu) and nitrogen (N) (Liu
et al. 1998). These negative effects could be the
consequence of humic acid accumulation at the
root cell wall (Asli & Neumann 2010), which
causes disorder in metabolic pathways. Because of
such negative impacts, especially on mineral
nutrition which is closely linked with antioxidant
capacity, the treatment of a high rate of humic acid
resulted in decreased antioxidant activity.
High Se concentrations with no humic acid
(Se20H0 and Se30H0) had the same effect (high
antioxidant activity) since these treatments were
not significantly different from Se0H10 and
Se10H10. The antioxidant role of selenium may be
decreased by the high uptake of mineral nutrients
following an application of humic acid and the
interference of these mineral elements in Se.
Numerous studies have shown an increase in the
absorption of mineral nutrients after an application
of humic acid (Arslan & Pehlivan 2008; Asik
et al. 2009).
Phenol and flavonoid contents
Humic acid at the rate of 10 kg/ha contributed
to the lowest phenolic compounds. A moderate
amount of humic acid could probably ameliorate
stress impacts; because of this, treated plants need
lower amounts of phenols, which are known to be
important radical scavengers. Our findings are in
agreement with those of Asik et al. (2009), who
demonstrated that humic substances have anti-
stress effects under abiotic stressful conditions.
The highest amount of phenols was recorded
in garlic treated with humic acid at the rate of 20
kg/ha. Humic acid can generate reactive oxygen
species (ROS) which act as messengers and
induce physiological effects (Cordeiro et al.
2011). According to Close & McArthur (2002),
who formulated the ‘oxidative pressure hypo-
thesis’, the biosynthesis of phenolic compounds
follows oxidative stress. Therefore, it can be
concluded that the generation of ROS by humic
acid led to an increase in total phenol content in
this study. Total phenol content in the control
plants was not significantly different from that in
H20 treated plants. This result could be related to
natural stress found in the experimental field.
As noted above, treating the plants with Se
increased antioxidant activity, but decreased fla-
vonoid contents. Consequently, increasing garlic
antioxidant activity with a Se treatment was not
related to flavonoids: other mechanisms such as
Se antioxidant impact were responsible for the
increased antioxidant activity. As a flavonoid is a
secondary metabolite, its biosynthesis requires
photosynthetic products and is limited by carbon
supply and energy. Excessive plant growth con-
sumes more photosynthetic products, thereby
reducing the synthesis of secondary metabolites,
including flavonoids (Treutter 2006). Accordingly,
a possible reason for the decrease in flavonoids in
Se treatments could be the decrease in photosyn-
thetic products following the high growth of
selenium-treated garlic. Increased bulb growth of
selenium-treated garlic was demonstrated by
Poldma et al. (2011).
Total sulphur and allicin contents
As garlic produces a lot of organosulphur com-
pounds, sulphur plays a crucial role in the growth
of this bulbous vegetable, and garlic has high
demands for this mineral element. The results of
the current study clearly show that Se0 and H20
interactions cause high sulphur uptake. This find-
ing is in accordance with Poldma et al. (2011) and
Liu et al. (1998), who reported the negative effect
of Se treatment on S content and the increase in S
uptake after an application of humic acid. Poldma
et al. (2011) found a significant negative correla-
tion between S and Se content in garlic affected by
selenium treatments. They interpreted their results
to mean that selenium replaced sulphur in plant
metabolism and could settle in the S amino acids
of cysteine and methionine structures. Liu et al.
(1998) also pointed out that the sulphur content
increased significantly in response to a humic acid
treatment.
Allicin (allyl 2-propenethiosulphinate) is respons-
ible for the usual odour of fresh-cut garlic and is
commonly used tomeasure garlic quality. The sulphur
178 K Ghasemi et al.
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and allicin contents were greatly similar in that both
of them reached maximum levels with the Se0H20
treatment. The role of sulphur in the biosynthesis of
alliin can shed light on why this similarity was found.
Allicin is produced in crushed garlic cloves through
the rapid lysis of alliin by alliinase (Fig. 2). There are
two sulphur atoms in the chemical structure of allicin;
as a result, sulphur is a key to allicin biosynthesis. As
explained above, humic acid at the rate of 20 kg/ha
increased sulphur uptake, but this effect was seen
alongside Se0. In other combined treatments, how-
ever, humic acid did not increase sulphur uptake.
Most likely, Se is replaced by S in plant metabolism,
and as a result it disrupts normal biochemical
reactions (Mikkelsen et al. 1989).
Figure 3 shows that the effect of Se treatments
on allicin content could be beneficial. As shown in
this figure, Se0 led to the highest allicin content, and
its difference with other Se treatments was signific-
ant at a 1% probability level. A strong negative
correlation was found between selenium concentra-
tion and allicin content (Fig. 3, r2 = 0.881). This
negative correlation could prove the adverse
effect of Se treatment on allicin content following
Se replacement with S in the organosulphur com-
pounds of garlic. Table 4 shows the selenium
concentration of garlic cloves in different Se treat-
ments; the results indicate the possible harmful
selenium concentrations for allicin biosynthesis.
Conclusion
The results obtained in the current study show that
treating garlic plants with humic acid can positively
affect most tested traits, while selenium has negat-
ive or no effects on them. Low selenium concentra-
tions accompanied by a moderate amount of humic
acid led to the highest total antioxidant activity. The
negative correlation between selenium concentra-
tion and allicin content is one of the most important
effects of selenium in garlic. Therefore, if produ-
cing Se-enriched garlic is the aim, a decrease in
some nutritional values must be accepted.
Figure 2 Simpliﬁed mechanism of allicin formation.
Figure 3 Correlation between selenium concentration and allicin content in Mazand garlic.
Table 4 Selenium concentration of garlic cloves in
different Se treatments.
Treatments Se0 Se10 Se20 Se30
Se concentration
(ppb)
675.96 950.13 1086.86 1324.07
Se0, Se10, Se20, Se30: 0, 10, 20 and 30 μg selenium/mL,
respectively.
Antioxidant properties of garlic by selenium and humic acid treatments 179
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